Dr J E Cotes (Cardiff) asked if Professor Donald would like to comment on the position of subjects, formerly inactive, who started taking an increased amount of physical exercise in middle age. This had happened during the war and it was happening again now as people were becoming more aware of the importance of exercise.
Professor Donald said that this was not within his brief for the present Symposium and it was rather a difficult point to answer precisely. It was agreed by all who had studied a large series, particularly in the United States, that moderate exercise, taken regularly, was of great value and even to some extent prophylactic with regard to coronary arterial disease, or at least the manifestations of it.
As for violent exercise, however, if a man suddenly decided to climb a mountain at the age of 50 he would be looking for trouble. But if such people should lose weight, be more concerned about their health and take moderate exercise nothing but good would come of it. There was also no doubt, as had been shown, that even in the case of people who were 'beyond hope' in their fifties, if their exercise tolerance were increased and their maximum VO, increased, and their exercise pulse rate reduced they would become fitter people. This could be achieved without indulging in dramatically high levels of exercise.
In reply to a questioner regarding the distinction between initial heart rate due to mental effort and that due to actual physical exercise Professor Donald said that a number of people began to show changes just as soon as they started to think about exercise. It was known that good runners often had a marked tachycardia before they left the starting-block. The one way of distinguishing what was due to the psyche and what was due to the demands of the body would be to study a man after giving him tranquillizers, and then to study him without these. Again, such drugs might have direct effects on the cardiovascular system.
The Chairman said he also was interested in the question. He recalled being at Hampden Park when Lord Burghley was due to run in the hurdles against some very indifferent Scottish hurdlers. Lord Burghley had been in a state of great emotional stress, and Professor Donald had said that emotional stress could equal physical stress. Although the Chairman did not know that at the time, he had assured Lord Burghley that there was no need for him to worry, he could do the race in 14-3 seconds and nobody else present could have done it in under 14-7. Lord Burghley's attitude was that if he didn't get worked up he would not be able to run a good race. This was known to be true, and it would be an interesting experiment for anyone interested to compare the performance of people who had an emotional stress before they had physical stress with those who had no emotional stress prior to encountering considerable physical stress.
It might have been observed recently, in watching astronauts on television, that one man's pulse rate never altered when the engines went wrong. There must, however, be some athletes able to start a race without being emotionally upset beforehand. Therefore, there must be some difference in the equation, but it was a very esoteric argument.
Professor Donald said that it was a fact that some athletes got excited while others did not. Some, if they did not get excited would not run well, but the finest test of performance for an individual was the degree of exhaustion at the end.
Group Captain C B Wynn-Parry (London), referring to the remarks made by Dr Cotes on the interest taken in getting the less young fit, said that there was a great vogue for isometric exercises -5 B.X. and variants. He asked whether Professor Donald would comment on whether it would be advisable for people starting this sort of isometric exercise in middle life to consult their doctor and have a cardiovascular check before doing so. From what had been said this form of exercise might possibly be quite dangerous.
Professor Donald pointed out that in fact the majority of isometric exercises were rather gentle. Even 25 % of maximum voluntary capacity was quite fierce and would be difficult to keep up for more than about five minutes. If isometric exercise were violent it could be dangerous. However, most of it was relatively gentle.
The question had been studied, and the levels reached were really only about 10% of the maximum voluntary capacity and were rarely dangerous. Obviously if they were done violently a man might do harm to himself, but on the whole, though it was easy to condemn such exercises, they were not usually of a dangerous degree. We are faced with a pandemic of coronary heart disease (CHD), and only through understanding its etiology can we hope to achieve prevention. Three changes in our mode of living stand out as major suspects: the enrichment in quantity and quality of our diet, the prevalence of cigarette smoking, and the declining level of physical activity. This paper considers the possible role of physical activity as a protection against CHD.
Effect of Occupational Activity
Various studies have compared the frequency of CHD between more and less active workers within a single industry, and mostthough not allhave observed an inverse correlation between level of activity and both the incidence and the fatality of heart disease. For example, Morris et al. (1953) , studying London bus crews, estimated the annual age-adjusted incidence of CHD (all forms) as 1 9/1,000 in conductors and 2-7 in drivers. In the first three months after an initial episode, mortality was 29% for conductors compared with 47% for drivers. Similar gradients were observed between more and less active groups among postal workers and among civil servants. In a study of railway men in the American Mid-West, Taylor et al. (1962) estimated the annual age-adjusted CHD mortality rate as 7-6/1,000 for navvies, 10-6 for signalmen, and 11-8 for clerks. These authors incidentally commented that heavy work in navvies occupied a much smaller proportion of working hours than might have been expected: in fact, most supposedly active jobs probably involve relatively small extra caloric expenditure.
In a sophisticated analysis of mortality in United States postal workers, Kahn (1963) found that current activity was associated with lower CHD mortality; but among men who had changed jobs, activity levels for five years or more previously did not seem to affect current mortality.
The failures to demonstrate any association between occupational activity and CHD have mostly occurred in studies of whole populations rather than in individual industries (Breslow & Buell 1960 , Chapman et al. 1957 : it may be that a genuine effect has been concealed by the confusing influence of other socio-economic differences. The same explanation may apply to the anomalous finding in London (Rose 1968) of less CHD in a group of clerks than in a group of light engineers.
The consensus of evidence from occupational studies undoubtedly suggests that among inactive workers CHD is both more frequent and more fatal. The clinical importance of the higher fatality is borne out by the experience of the Medical Research Council Trial of Anticoagulants in Myocardial Infarction (1969): the mortality in the first month after hospital admission was 8-2 % in heavy workers, 13-8 % in active workers, and 18-8 % in light workers.
Effect of Non-occupationial Physical Activity
It is easy to ask a man his job, but difficult to measure his physical activity at other times. Hence, despite the importance of the subject, little evidence has so far been collected. In the Framingham study there was some suggestion 3,561 4-77 *Q/QS(I :1-3), S-T depression (4:1-3), T-wave inversion (5:1-3) or left bundle branch block (7:1), according to Minnesota Code criteria (Rose & Blackburn 1968) that leisure activity might affect CHD (Kannel 1967) ; but interpretation was difficult because of the socio-economic heterogeneity of the population.
In middle-aged working men in England the main source of exercise away from the job seems to be the journey to and from work. The commonest leisure exercise is gardening. Sporting activities are infrequent. In our current study in London civil servants (Reid et al., in preparation) preliminary results show significant correlations between the prevalence of ischammictype electrocardiographic (ECG) changes and subjects' answers to the question, 'In an average week in summer do you work as much as 2 hours in the garden?' However, a more striking association is found (Table 1) with answers to the question, 'How many minutes do you walk or bicycle on the way to work each morning?' It might be suggested that this latter association only reflects a tendency for those men who already have symptoms of early heart disease to reduce their activity. Subjects in this study had all completed a questionnaire on dyspncea and on symptoms of angina of effort (Rose 1962) ; and when men who were recorded as positive to either of these conditions were excluded (Fig 1) the association observed earlier (Table 1) is relatively little affected.
There remain several possible interpretations of this interesting association:
(1) The simplest explanation would be one of simple cause and effect.
(2) On the other hand, the duration of a man's walk to work may be simply an indicator of his general level of activity, and it may be this totality of exercise that is protective. The walk to work averaged 18-47 minutes among men who reported that they gardened, as compared with 16-57 minutes among those who did not.
(3) The walk to work may be coincidentally correlated with some quite different personal characteristic of etiological importance. We have so far examined the possible effect of age and employment grade: neither of these provides an adequate explanation of the association. How- There is unfortunately almost no evidence as to the effect on CHD risk of intermittent sporting activities. At the present time the only positive results relate to habitual activity. Is the Effect Immediate or Delayed? An increased coronary blood flow during exercise might diminish the risk of thrombosis and in this way the protective effect of activity might arise at the actual times when a man is exercising. If this were so, then we should predict that for men in active jobs a smaller proportion of coronary episodes would occur in working hours than for men in sedentary occupations. Study of data from the MRC Anticoagulants Trial has revealed no such tendency (Table 2) ; indeed, there is a slight suggestion that the opposite may occur. Data from the same trial show that (a) the onsets of myocardial infarction were unequally distributed over the course of the 24 hours (Table 3) , with an excess in the period 9 a.m. to noon, when people generally start work; and (b) Table 2 Relation between occupational activity and timing of onset of myocardial infarction in working men (data from MRC Anticoagulants Trial) Activity Average no. ofonsets/hrl/00 men ofjob the onsets were unequally distributed over the course of the week (Table 4 ), a peak on Mondays being compensated by a deficiency over the next two days. Clinicians are familiar with instances where the onset of a coronary episode coincided with acute physical exertion (although whether these events represent infarction or only arrhythmia is not always clear). Such evidence is in any case purely anecdotal, and needs to be substantiated by more rigorous analysis. There are, however, these various small suggestions that, despite its apparent long-term protective Table 3 Distribution of onsets of nyocardial infarction in men according to time of day (data from MlRC Anticoagulants Trial) effect, physical activity at the actual time of its performance may not be without some risk for the middle-aged and elderly.
If the protective effect of activity lasted for only a moderate period (say, less than a year) then it would be expected that the differences in mortality between active and light workers might diminish rather abruptly on retirement. This is not the case (Fig 2) but Kahn's (1963) findings suggest that the protective effect may not last longer than five years. Similarly a Finnish study (Pyorala et al. 1967) found that CHD prevalence in former endurance athletes did not differ notably from that in a control series. Disease in the athletes was found to be less frequently associated with any symptomatic complaint: but perhaps this only means that men with complaining temperaments do not become endurance athletes.
Underlying Mechanisms
Certain bodily characteristics are known to be related to CHD risk, and may serve as indicators of the intermediary mechanisms by which a primary cause is operating. In the case of physical activity, the evidence is scanty and somewhat conflicting. Karvonen et al. (1961) , having shown that Finnish lumberjacks have a much lower prevalence of CHD than men in less active jobs, compared the two groups as to levels of serum cholesterol and blood pressure. Differences were very small. On the other hand Morris (1959) , in his study of London bus crews, found a higher mean serum cholesterol level in the drivers than in the conductors. Both these studies found that the effect of physical inactivity on CHD rates could not be attributed to cigarette smoking.
In our study in the British Civil Service (Reid et al., in preparation) we have examined the relation of blood pressure, serum cholesterol, glucose tolerance, and overweight to the duration of the walk to work (Table 5 ). Only overweight shows any association, and even this is slight. This suggests that the effect of exercise is independent of these atherogenic factors.
In a national necropsy survey of coronary artery disease, Morris & Crawford (1958) found among male 'non-coronary' deaths that occupational activity was associated with a reduction in the frequency of occlusion but not of atherosclerosis (Table 6 ). This would suggest that, for a given degree of wall disease, the active worker is less liable to develop an occluding thrombus; but inter-occupational comparisons of thrombotic tendencies seem not to have been undertaken. Rose et al. (1967) showed that the intrinsic calibre of the major coronary arteries tended to be much smaller in persons dying of myocardial infarction than in others of the same age. There was also some suggestion that arterial calibre tended to increase with increasing level of occupational activity. Underlying this work was the hypothesis that coronary arteries may enlarge in response to the increased flow rates accompanying physical exercise; and, for any given severity of atherosclerosis, a larger artery would be less likely to thrombose.
It would seem reasonable to suggest that intercoronary anastomoses might be better developed among the physically active. There is no direct evidence on this point, but in the MRC Anticoagulants Trial the size of infarction (judged by peak serum enzyme levels) was no less in the active than in the inactive workers, suggesting that the active man's better prognosis was due to some characteristic of his noninfarcted myocardium or its circulation. It may be that in the study of CHD, attention has been directed too exclusively to the coronary circulation, to the neglect of factors concerned with myocardial 'fitness'.
Conclusions
There is an association, moderately close and moderately consistent, between occupational inactivity and the incidence, prevalence and fatality of CHD. This association is probably one of cause and effect. But active and inactive groups differ initially through selective factors Symposium on The Meaning ofPhysicalFitness 1187 affecting choice of jobs, as well as in a variety of social characteristics and non-occupational habits; and it is not impossible that these, rather than the physical nature of the job, could be the responsible etiological agents.
Although the effect of occupational activity on CHD is of great theoretical interest, it has little practical relevance. A man cannot be expected to change his job in order to reduce his risk of heart disease; and in any case trends towards mechanization and automation clearly imply that heavy physical work will become increasingly rare. On the other hand, if further research should support the hypothesis that a short period of moderate exercise each day has a preventive value, then the practical implications of such a finding would be realistic. Controlled trials will be needed to settle this point.
The heart of an active worker seems better able to survive a myocardial infarction. This may be either because of a better myocardial circulation, or else because of some factor of greater myocardial 'fitness'.
Physical activity probably does not affect atherosclerosis, but it may over a period of time (perhaps a few years) reduce the risk of thrombosis. One mechanism involved may be greater intrinsic calibre of coronary arteries in active subjects.
DISCUSSION
Dr P G F Nixon (Charing Cross Hospital) said that during the previous year he had been sending patients with coronary heart diseasecases of angina pectoris and recovery from myocardial infarctionto Alistair Murray for courses of planned and prescribed physical training. The first stage, through careful checks, was to find out how much the patient could do, and then, by judicious exercise, to increase his capacity. So far there had been no mishap, and the early results suggested that the programme not only promoted the recovery of confidence and optimism, but increased the capacity for effort.
For example, one might expect a 40-50 % increase in work done for a given rise in pulse rate at the end of the first month of training.
Every patient with ischemic heart disease had periods when he needed to be rested, and periods when physical training and exercise appeared to be beneficial. The selection of the period for exercise and training had to be done with care and much depended on the history and the physical signs. It was believed that the patient must not be in a phase of deepening cardiac fatigue and increasing disability from dyspncea and angina. Dr Nixon believed that left ventricular 'failure' should be treated adequately with rest and diuretics. He recognized adequate treatment from the clinical examination of the left ventricle when especial attention was paid to the diastolic pulsations and sounds. Patients were accepted for a programme of physical training when the palpable and audible (fourth heart sound) shock of the left atrial contraction had been minimized, by rest and diuretics. In such cases the mean left atrial pressure lay within the normal range.
Dr Nixon advised rest and no exercise when a third sound gallop was palpable and audible, this being a sign of pathological elevation of the left atrial pressure.
He did not accept cases where systolic 'flapping' of the left ventricular wall indicated the presence of a large non-contractile or aneurysmal area, nor did he accept cases where there was significant mitral regurgitation from ischmmic disorder of the papillary muscles.
Dr G Pincherle (Institute of Directors, London) said he had been interested in Dr Rose's remarks about the lack of relationship between exercise and cholesterol. He had found the opposite in his experience. In I 118 Proc. roy. Soc. Med. Volume 62 November 1969 the population at the Institute of Directors a dEite relationship had been found with people taking little exercise having higher cholesterol levels than those taking more exercise, and this held true at all ages (Table 1) . Actuaries have been studymg human taly for more than two hundrd years. 1)wiu *his period, -dramatic changes have tae plce-i ft social environment. which have rested in tbt, elimination or drastic reductio of inftioas diseases, such as cholra, diphteia a44 tnlmculosis. Nowadays a much higher of babies survie to old age so that actoiul attention has dwelt more and more on m at ages over 50, namely the ages when caner and circulatory disass are the main k le in the middle-aged, by far the most inportat^of the circulatory causes of death is coronary hert disease.
I hope that I shall not misinepret my tak, if I say that I believe I may be ex d to : some facts to 'add verisiiitude to a dan unconvcing narrative'. There may bo di-, appointnent, because I think that th fat efan be stated very briefly and they wil surprm few of you. How to relate the facts about, cotonrty disease to a consideration of fitness in Senerlis a different matter.
As an actuary, I am interested in coronary disease on two accounts. First, because it is important in the nation at lre; second, because of its importance in life assne and health insurance, the business in which I am engaged.
Let us look first at population statistics, as revealed by the report on the 1961 census (Registrar General 1961) . There has been a startling fall, since the turn of the eentury, of mortality rates at all ages, a fall particularly striking at the younger ages. Parenthetically, this alone demonstrates a considerable gaim in fitns over the period. This decline in rates of mortity has not yet ceased, as a comparison of the 1961 census figures with those of the previos census in 1951 indicate. If we look at the mortality rates between age 35 and age 75, we are l ycertinl including those ages most affected by coronary disease. The 1960-62 rates of morality (ROgsrat General 1961) expressed as a percentage of the 1950-52 rates (Registrar General 1951) are shown in Table 1 .
It is clear that the national trend to lighter mortality has not yet stopped, though the re--
